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INTRODUCTION AND GENERAL DESCRIPTION OF PLANT

1.1 INTRODUCTION

This Final Safety Analysis Report (FSAR) was submitted in support of an application by
Energy Northwest for a Class 103 operating license for a single unit nuclear power plant. The
facility is known as the Columbia Generating Station (CGS) and was formerly known as
WNP-2.

Energy Northwest was the applicant for the operating license for CGS. The plant was
designed, constructed, and is being operated under the responsibility of Energy Northwest.

CGS is located within the Hanford Site of the Department of Energy (DOE), Benton County,
Washington, approximately 12 miles north of the City of Richland. The site is approximately
3 miles west of the Columbia River at River Mile 352.

This plant has a boiling water reactor (BWR) nuclear steam supply system (NSSS) designed
and supplied by the General Electric Company (GE). The plant utilizes a single-cycle, forced-
circulation system and is designated as a BWR/S.

The containment was designed by Burns and Roe, Inc., and consists of primary and secondary
containment systems. The primary containment structure is a free-standing steel pressure
vessel of a specific design by Pittsburgh Des Moines Steel Co. The vessel contains both a
drywell and a suppression chamber, which is consistent with the features of a BWR/Mark 11
containment.

The secondary containment structure is composed of the reactor building, which completely
encloses primary containment.

The authorized maximum rated power level limit of the reactor is|3486MWt. The design
power level limit is|3629 MWt. The net electrical power output is approximately|1190 MWe

and the gross electrical output is 1230 MWe.

Energy Northwest was granted an operating license for CGS on|December 20, 1983, and the
plant began commercial operation on December 13, 1984.

LDCN-02-000 1.1-1
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1.2 GENERAL PLANT DESCRIPTION

1.2.1  PRINCIPAL DESIGN CRITERIA

The principal design criteria are presented in two ways. First, they are classified as either a
power generation function or a safety function. Second, they are grouped according to
system. Although the distinctions between power generation or safety functions are not always
clear-cut and are sometimes overlapping, the functional classification facilitates safety
analyses, while the grouping by system facilitates the understanding of both the system
function and design.

1.2.1.1  General Design Criteria

1.2.1.1.1  Power Generation Design Criteria

a. The plant was designed so that it can be fabricated, erected, and operated to
produce electric power in a safe and reliable manner. Plant design conforms to
applicable codes and regulations as stipulated in Table 1.2-1;

b. The plant is designed to produce steam for direct use in a turbine-generator unit;

C. Heat removal systems are provided with sufficient capacity and operational
adequacy to remove heat generated in the reactor core for the full range of
normal operational conditions and abnormal operational transients;

d. Backup heat removal systems are provided to remove decay heat generated in
the core under circumstances wherein the normal operational heat removal
systems become inoperative. The capacity of such systems is adequate to
prevent fuel cladding damage;

e. The fuel cladding, in conjunction with other plant systems is designed to retain
integrity throughout the range of normal operational conditions and abnormal
operational transients;

f. The fuel cladding can accommodate, without loss of integrity, the pressures
generated by fission gases released from fuel material throughout the design life
of fuel;

g. Control equipment has been provided to allow the reactor to respond

automatically to minor load changes, major load changes, and abnormal
operational transients;

h. Reactor power level can be manually controlled;
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Control of the reactor is possible from a single location;

Reactor controls, including alarms, are arranged to allow the operator to rapidly
assess the condition of the reactor system and locate system malfunctions; and

Interlocks or other automatic equipment are provided as backup to procedural
controls to avoid conditions requiring the functioning of nuclear safety systems
or engineered safety features (ESF).

Safety Design Criteria
The plant design conforms to applicable codes and regulations;

The plant is designed, fabricated, erected, and will be operated in such a way
that the release of radioactive materials to the environment is limited to the
limits and guideline values of applicable federal regulations pertaining to the
release of radioactive materials for normal operations and abnormal transients
and accidents;

The reactor core is designed so its nuclear characteristics do not contribute to a
divergent power transient;

The reactor is designed so there is no tendency for divergent oscillation of any
operating characteristic, considering the interaction of the reactor with other
appropriate plant systems;

Gaseous, liquid, and solid waste disposal facilities are designed so the discharge
and offsite shipment of radioactive effluents can be made in accordance with
applicable regulations;

The design provides means by which plant operators can be informed when
limits on the release of radioactive material are approached;

Sufficient indications are provided to allow determination that the reactor is
operating within the envelope of conditions considered by plant safety analysis;

Radiation shielding is provided and access control patterns have been established

to allow a properly trained operating staff to control radiation doses within the
limits of applicable regulations in any mode of normal plant operations;
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Those portions of the nuclear system that form part of the reactor coolant
pressure boundary (RCPB) are designed to retain integrity as a radioactive
material barrier following abnormal operational transients and accidents;

Nuclear safety systems and ESF act to ensure that no damage to the RCPB
results from internal pressures caused by abnormal operational transients and
accidents;

Where positive, precise action is immediately required in response to abnormal
operational transients and accidents, such action is automatic and requires no
decision or manipulation of controls by plant operations personnel;

Essential safety actions can be carried out by equipment of sufficient redundance
and independence such that no single failure of active components can prevent
the required actions. For systems or components to which IEEE-279 (Criteria
for Protection Systems for Nuclear Power Generating Stations) and/or IEEE-308
(Criteria for Class 1E Electrical systems for Nuclear Power Generating Stations)
applies, single failures of both active and passive electrical components were
considered in recognition of the higher anticipated failure rates of passive
electrical components relative to passive mechanical components;

Provisions have been made for control of active components of nuclear safety
systems and ESF from the control room;

Nuclear safety systems and ESF are designed to permit demonstration of their
functional performance requirements;

The design of nuclear safety systems and ESF includes allowances for natural
environmental disturbances such as earthquakes, tornadoes, floods, and storms
at the site;

Standby electrical power sources have sufficient capacity to power all nuclear
safety systems and ESF requiring electrical power;

Standby electrical power sources are provided to allow prompt reactor shutdown
and removal of decay heat under circumstances where offsite power sources are
not available;

Features of the plant that are essential to the mitigation of accident consequences

are designed, fabricated, and erected to quality standards that reflect the
importance of the safety action to be performed;
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S. A primary containment has been provided that completely encloses the reactor
system, drywell, and suppression pool. The primary containment employs the
pressure suppression concept;

t. The primary containment is designed to retain integrity as a radioactive material
barrier during and following accidents that release radioactive material into the
primary containment volume;

u. It is possible to test primary containment integrity and leaktightness at periodic
intervals;
V. A secondary containment has been provided that completely encloses both the

primary containment and fuel storage areas. The secondary containment
includes the standby gas treatment (SGT) system for controlling release of
radioactive materials leaking from the primary containment in the event of an
accident and also has the capability for filtering radioactive materials directly
from the primary containment atmosphere during shutdown conditions;

W. The secondary containment has been designed to act as a radioactive material
barrier, if required, when the primary containment is open for expected
operational purposes;

X. The primary containment and secondary containment, in conjunction with other
ESF, limit radiological effects of accidents resulting in the release of radioactive
material to the containment vessel to significantly less than 10 CFR 50.67
limits;

y. Provisions have been made for removing energy from within the containment
vessel as necessary to maintain the integrity of the containment system following
accidents that release energy to the primary containment;

Z. Piping that penetrates the primary containment structure and could serve as a
path for the uncontrolled release of radioactive material to the environs is
automatically isolated whenever such uncontrolled radioactive material release is
threatened. Such isolation shall be effected in time to limit radiological effects
to less than specified acceptable limits;

aa. Emergency core cooling systems (ECCS) are provided to limit fuel cladding
temperature to temperatures below the onset of fragmentation in the event of a
loss-of-coolant accident (LOCA);

bb.  The ECCS provide for continuity of core cooling over the complete range of

postulated break sizes in the RCPB and are redundant;
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Operation of the ECCS is initiated automatically when required, regardless of
the availability of offsite power supplies and the normal generating system of
the plant;

The control room has been shielded against radiation and provided with a high
efficiency filtration system so that continued occupancy under accident
conditions is possible;

In the event that the control room becomes inaccessible, it is possible to bring
the reactor from power range operation to cold shutdown conditions by utilizing
the local controls and equipment that are available outside the control room on
the remote shutdown control panels;

Backup reactor shutdown capability has been provided independent of normal
reactivity control provisions. This backup system has the capability to shut
down the reactor from any normal operating condition and subsequently to
maintain the shutdown condition; and

Fuel handling and storage facilities are designed to prevent inadvertent
criticality and to maintain adequate shielding and cooling of spent fuel.
Provision is made for maintaining the cleanliness of spent fuel cooling and
shielding water.

System Criteria

The principal design criteria for particular systems are listed in the following subsections.

1.2.1.2.1

Nuclear System Criteria

The fuel cladding is designed to retain integrity as a radioactive material barrier
throughout the design power range. The fuel cladding is designed to
accommodate, without loss of integrity, the pressures generated by the fission
gases released from the fuel material throughout the design life of the fuel,

The fuel cladding, in conjunction with other plant systems, is designed to retain
integrity throughout any abnormal operational transient;

Those portions of the nuclear system that form part of the RCPB are designed to

retain integrity as a radioactive material barrier following abnormal operational
transients and accidents;
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d. Heat removal systems are provided in sufficient capacity and operational
adequacy to remove heat generated in the reactor for the full range of normal
operational conditions from plant shutdown to design power and for any
abnormal operational transient. The capacity of such systems is adequate to
prevent fuel cladding damage;

e. Heat removal systems are provided to remove decay heat generated in the core
under circumstances wherein the normal operational heat removal systems
become inoperative. The capacity of such systems is adequate to prevent fuel
cladding damage. The reactor is capable of being automatically shut down in
sufficient time to permit decay heat removal systems to become effective
following loss of operation of normal heat removal systems;

f. The reactor core and reactivity control system is designed so that control rod
action is capable of bringing the core subcritical and maintaining it so, even
with the rod of highest reactivity worth fully withdrawn and unavailable for
insertion;

g. The reactor core is designed so that its nuclear characteristics do not contribute
to a divergent power transient; and

h. The nuclear system is designed so there is no tendency for divergent oscillation
of any operating characteristic, considering the interaction of the nuclear system
with other appropriate plant systems.

1.2.1.2.2  Power Conversion System Criteria

Components of the power conversion system have been designed to perform the following
basic objectives.

a. Produce electrical power from the steam exiting from the reactor, condense the
steam into water, and return the water to the reactor as heated feedwater, with a
major portion of its gaseous and particulate impurities removed; and

b. Ensure that any fission products or radioactivity associated with the steam and
condensate during normal operation are safely contained inside the system or are
released under controlled conditions in accordance with waste disposal
procedures.

1.2.1.2.3  Electrical Power Systems Criteria
Sufficient offsite and onsite standby sources of electrical power are provided to attain prompt

shutdown and continued maintenance of the plant in a safe condition under all credible
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circumstances. The power sources are adequate to accomplish all required engineered safety
feature functions under postulated design basis accident conditions.

1.2.1.2.4  Radwaste System Criteria

a. The gaseous and liquid radwaste systems are designed to limit the release of
radioactive effluents from the plant during normal operation within those limits
specified in 10 CFR 20 and 10 CFR 50, Appendix I;

b. The solid radwaste disposal system is designed so that during normal operation
offsite shipments will be in accordance with applicable regulations, including
10 CFR 20, 10 CFR 71, and 49 CFR 171 through 10 CFR 179, as appropriate;
and

C. The design of the systems provide means by which plant operations personnel
are alerted whenever operational limits on the release of radioactive material are
approached.

1.2.1.2.5 Auxiliary Systems Criteria

a. Fuel handling and storage facilities are designed to prevent criticality and to
maintain adequate shielding and cooling for spent fuel. Provision is made for
maintaining the cleanliness of spent fuel cooling and shielding water;

b. Other auxiliary systems, such as standby service water (SW), high pressure core
spray (HPCS) SW, fire protection (FP), heating and ventilating,
communications, and lighting systems, are designed to function during normal,
abnormal, and/or accident conditions; and

C. Auxiliary systems that are not required to effect safe shutdown of the reactor or
maintain it in a safe shutdown condition are designed such that failure of these
systems shall not prevent the essential auxiliary systems from performing their
design functions.

1.2.1.2.6  Shielding and Access Control Criteria
a. Radiation shielding is provided and access control patterns are established to
allow a properly trained operating staff to control radiation doses within the

limits of published regulations in any normal mode of plant operation; and

b. The control room is shielded against radiation and has a high efficiency
filtration system, so that occupancy is possible under accident conditions and

1.2-7



COLUMBIA GENERATING STATION Amendment 59
FINAL SAFETY ANALYSIS REPORT December 2007

TEDE doses are less than those set by Criterion 19 of 10 CFR Part 50,
Appendix A and 10 CFR 50.67.

1.2.1.2.7  Nuclear Safety Systems and ESF Criteria

Principal design criteria for nuclear safety systems and ESF correspond to criteria j through q,
aa through cc, and ee through ff in Section 1.2.1.1.2.

1.2.1.2.8  Process Control Systems Criteria

The principal design criteria for the process control systems are listed for the nuclear system,
the power conversion system, and the electrical power system:

a. Nuclear System Process Control Criteria

1.

Control equipment is provided to allow the reactor to respond
automatically to load changes within design limits.

2. It is possible to manually control the reactor power level.

3. Control of the reactor is possible from a central location.

4. Nuclear systems process controls and alarms are arranged to allow the
operator to rapidly assess the condition of the nuclear system and to
locate process system malfunctions.

5. Interlocks or other automatic equipment are provided as a backup to
procedural controls to avoid conditions requiring the actuation of nuclear
safety systems or ESF.

b. Power Conversion System Process Control Criteria

1. Control equipment is provided to control the reactor pressure throughout
its operating range.

2. The turbine is able to respond automatically to minor changes in load.

3. Control equipment in the feedwater system maintains the water level in
the reactor vessel at the optimum level required by steam separators.

4. Control of the power conversion equipment is possible from a central
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Interlocks or other automatic equipment are provided in addition to
procedural controls to avoid conditions requiring the actuation of ESF.

Electrical Power System Process Control Criteria

1.

The redundant portions of the Class 1E power systems are designed with
either division of the system being adequate to safely shut down the unit.

Protective relaying is used to detect and isolate faulted equipment from
the system with a minimum of disturbance in the event of equipment
failure.

Primary and secondary undervoltage relays are located on the 4.16-kV
Class 1E equipment buses to isolate these buses from the normal
auxiliary power system in the event of Class 1E bus under voltage and to
initiate starting of the standby power system diesel generators.

Standby power diesel generators’ start is initiated by control relays. The
generators are also loaded by a sequenced control system to meet the
existing emergency condition.

All electrically operated breakers can be operated from the main control
room.

Metering for essential generators, transformers, and circuits is monitored
in the main control room.

Plant Design Criteria

The plant design criteria are based on general design criteria given in Appendix A of 10 CFR
Part 50. Conformance to these criteria is discussed in Section 3.1. The classification of
structures, components, and systems is discussed in Section 3.2.

The principal regulations are codes that are used extensively in plant design are highlighted in
Table 1.2-1. Note that the codes listed may not be applicable in their entirety. The many
codes and regulations applicable to individual systems or structures are discussed throughout
the FSAR.

The plant shielding and radiation zone classification can be found in Table 1.2-2. Chapter 12
provides further details.
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1.2.2  PLANT DESCRIPTION

1.2.2.1 Site Characteristics

1.2.2.1.1  Site Location and Size

Columbia Generating Station (CGS) is located in the southeast area of the Department of
Energy (DOE) Hanford Reservation in Benton County, Washington. The site is approximately
3 miles west of the Columbia River at River Mile 352, approximately 12 miles north of the
City of Richland, 18 miles northwest of Pasco, and 21 miles northwest of Kennewick. The
site is approximately square shaped with a corridor extending to the makeup water pump house
located on the Columbia River as shown in Figure 1.2-1. The CGS site encompasses an area
of approximately 1089 acres.

1.2.2.1.2  Description of Site Environs
1.2.2.1.2.1 Site Land. See Section 2.1 for site land description.
1.2.2.1.2.2 Population. See Section 2.1 for population description.

1.2.2.1.2.3 Land Use. Natural physical characteristics of the site which make it well-suited
for operation of the plant include: favorable geographical, geological, and seismological
characteristics; adequate water supply; ideal climatological characteristics; and remoteness
from population centers or areas of special ecological concern. The site area had served as a
nuclear industrial center since 1943 when it was selected by the federal government as the
location for construction of one of the world’s first nuclear production reactors. Since 1943,
nine plutonium production reactors and a number of test reactors have been constructed and
operated at the Hanford Site.

1.2.2.1.2.4 Meteorology. The climate around CGS is basically continental with a wide range
of annual temperatures. See Section 2.3 for additional information.

1.2.2.1.2.5 Hydrology. The Columbia River is the major surface water resource of the
region. The river also forms a potential discharge boundary for the aquifer. The surface soils
at Hanford are sufficiently permeable to take in water from precipitation and industrial
discharges. See Section 2.4 for additional information.

1.2.2.1.2.6 Geology. The Hanford site lies in the east central part of the Pasco Basin, a
structural and topographic depression in the Columbia Plateau. The region is underlain by
three major geologic units: (a) Tertiary basaltic lavas and intercalated sediments of the
Columbia River Group at the base, (b) Plio-Pleistocene sediments of the Ringold Formation,
and (c) the Pasco (glaciofluvial) gravels and associated sediments of late Pleistocene age at the
surface. See Section 2.5 for additional information.
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1.2.2.1.2.7 Seismology. The CGS site is situated in an area characterized by low seismicity
and widely scattered epicenters. See Section 2.5 for additional information.

1.2.2.1.3  Design Basis Depending on Site Environs
a. Offgas System

An offgas (OG) system consisting of hold-up piping, charcoal adsorbers, and an |
elevated release is provided for the controlled release of gaseous effluent to the
atmosphere. Gaseous releases will be as low as reasonably achievable

(ALARA) in accordance with 10 CFR Part 50, Appendix I, and less than

10 CFR Part 20 limits;

b. Liquid Waste Effluents

Liquid waste will be processed and recycled, and releases of excess inventory
will be such that concentrations at the point of discharge will be as low as
reasonably achievable in accordance with 10 CFR Part 50, Appendix I, and less
than 10 CFR Part 20 limits;

C. Wind Loading and Seismic Design

The structures and components whose failure might cause a design basis
accident or result in an uncontrolled release of radioactive fission products will
be designed to resist wind loads of tornado velocity and earthquake ground
motions which are significantly higher than those expected to occur at the site
during the service life of the plant; and

d. Flooding

The maximum assumed flood elevation for design purposes is the sum total of
the elevations of water due to the following effects:

1. Breach of any of the upstream dams due to seismic forces,
2. High flow in the Columbia River, and
3. Wind and wave action.
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General Arrangement of Structures and Equipment

The principal structures located on the plant site are the following:

LDCN-04-052

Reactor building - the building that houses the major portion of the nuclear
steam supply system (NSSS), the drywell, suppression pool, primary
containment, new and spent fuel pools, refueling equipment, and ECCS;

Radwaste and control building - the building that houses the liquid and solids
radwaste systems, components of the OG system, and the main control room,;

Turbine building - the building that houses the power conversion equipment;
Diesel generator building - the building that houses the standby diesel
generators, diesel fuel oil (DO) storage tanks, and associated controls and
instrumentation;

Circulating water pump house (Wind River Building) - a structure housing the
main circulating water (CW) pumps, plant service water (TSW) pumps, and FP

pumps;

Standby service water pump houses - structures that house the redundant
standby SW pumps and the HPCS SW pump;

Spray ponds - cooling ponds provided as the ultimate heat sink (UHS);

Makeup water pump house - a structure that houses the cooling tower makeup
(TMU) water pumps;

General service building (Yakima Building) - a structure that houses the potable
water (PWC) storage tank, demineralized water (DW) storage tank, offices for
plant administration, lunch room, and machine shop;
Transformer yard;

Condensate storage tanks (CSTs);

Cooling towers; and

Plant Engineering Center (Deschutes Building).
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The arrangement of these structures on the plant site is shown in Figure 1.2-1. The
arrangement of the equipment inside the main buildings is shown in Figures 1.2-2 through
1.2-24.

1.2.2.3  Symbols Used on Engineering Drawings

Figure 1.2-25 defines General Electric’s (GE) piping and instrumentation symbols, and
Figure 1.2-26 through 1.2-28 shows Burns and Roe piping and instrumentation symbols.
Figure 1.2-29 defines the logic symbols used on NSSS functional control diagrams.

1.2.2.4  Nuclear System

The nuclear system includes a direct-cycle, forced-circulation, GE boiling water reactor
(BWR) that produces steam for direct use in the steam turbine. A heat balance showing the
major parameters of the nuclear system for the rated power conditions is shown in

Figure 10.1-1.

1.2.2.4.1 Reactor Core and Control Rods

Fuel for the reactor core consists of slightly enriched uranium dioxide pellets sealed in
Zircaloy-2 tubes. These tubes (or fuel rods) are assembled into individual fuel assemblies.
Gross control of the core is achieved by movable, bottom-entry control rods. The control rods
are cruciform in shape and are dispersed throughout the lattice of fuel assemblies. The control
rods are positioned by individual control rod drives (CRDs).

Each fuel assembly has several fuel rods with gadolinia (Gd203) mixed in solid solution with
UO:2. The Gd:0s is a burnable poison which diminishes the reactivity of the fresh fuel. It is
depleted as the fuel reaches the end of its first cycle.

A conservative limit of plastic strain is the design criterion used for fuel rod cladding failure.
The peak linear heat generation for steady-state operation is well below the fuel damage limit
even late in life. Experience has shown that the control rods are not susceptible to distortion
and have an average life expectancy many times the residence time of the fuel loading.

1.2.2.4.2 Reactor Vessel and Internals

The reactor vessel contains the core and supporting structures; the steam separators and dryers;
the jet pumps; the control rod guide tubes; the distribution lines for reactor feedwater (RFW),
HPCS, low-pressure core spray (LPCS), and standby liquid control (SLC); the in-core
instrumentation; and other components. The main connections to the vessel include main
steam (MS) lines, reactor recirculation (RRC) lines, RFW lines, CRD and in-core nuclear
instrument housings, HPCS and LPCS lines, residual heat removal (RHR) lines, SLC line,
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core differential pressure line, jet pump pressure-sensing lines, and water level
instrumentation.

The reactor vessel is designed and fabricated in accordance with applicable codes for a
pressure of 1250 psig. The nominal operating pressure in the steam space above the separators
is 1035 psia. The vessel is fabricated of low-alloy steel and is clad internally with stainless
steel (except for the top head, and certain nozzles and nozzle weld zones which are unclad).

The reactor core is cooled by demineralized water that enters the lower portion of the core and
boils as it flows upward around the fuel rods. The steam leaving the core is dried by steam
separators and dryers located in the upper portion of the reactor vessel. The steam is then
directed to the turbine through the MS lines. Each MS line is provided with two MS isolation
valves (MSIVs) in series, one on each side of the primary containment barrier.

1.2.2.4.3  Reactor Recirculation System

The RRC system pumps reactor coolant through the core. This is accomplished by two
recirculation loops external to the reactor vessel but inside the primary containment. Each
external loop contains a mechanical pump, two motor-operated maintenance valves, and one
flow control valve which is mechanically blocked full open. The two motor-operated valves
are used as pump suction and pump discharge shutoff valves. The flow control valves are no
longer used to control reactor power level and therefore are kept in a mechanically blocked full
open position.

The internal portion of the loop consists of the jet pumps, which contain no moving parts. The
jet pumps provide a continuous internal circulation path for the major portion of the core
coolant flow. The jet pumps are located in the annular region between the core shroud and the
vessel’s inner wall. Any recirculation line break would still allow core flooding to
approximately two-thirds of the core height, the level of the inlet of the jet pumps.

1.2.2.4.4  Residual Heat Removal System

The RHR system is a system of pumps, heat exchangers, and piping that fulfills the following
functions:

a. Removes decay and sensible heat during and after plant shutdown;
b. Injects water into the reactor vessel, following a LOCA, rapidly enough to
reflood the core and maintain fuel cladding below the fragmentation temperature

independent of other core cooling systems. This is further discussed in
Section 1.2.2.5.8;
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c. Removes heat from the primary containment, following a LOCA, to limit the
increase in primary containment pressure. This is accomplished by cooling and
recirculating the suppression pool water (containment cooling) and by spraying
the drywell and suppression pool air spaces (containment spray) with
suppression pool water; and

d. Removes some of the airborne radioactivity from the primary containment
atmosphere following a LOCA by spraying the drywell.

1.2.2.4.5 Reactor Water Cleanup System

The reactor water cleanup (RWCU) system recirculates a portion of reactor coolant through a
filter-demineralizer to remove particulate and dissolved impurities from the reactor system
under controlled conditions. It also removes excess coolant from the reactor system under
controlled conditions.

1.2.2.4.6  Nuclear Leak Detection System

The nuclear leak detection (LD) system consists of temperature, pressure, flow, and fission-
product sensors with associated instrumentation and alarms. This system detects and
annunciates leakage in the following systems:

Main steam system,

Reactor water cleanup system,

Residual heat removal system,

Reactor core isolation cooling (RCIC) system,
Reactor feedwater system,

High-pressure core spray system,
Low-pressure core spray system,

Reactor recirculation system, and

Reactor pressure vessel (RPV) flange.

S Ee e Ao o

Small leaks generally are detected by temperature and pressure changes, fill-up rate of drain
sumps, and fission-product concentration inside the primary containment. Large leaks are also
detected by changes in reactor water level and changes in flow rates in process lines.

1.2.2.5 Nuclear Safety Systems and Engineered Safety Features

1.2.2.5.1 Reactor Protection System
The reactor protection system (RPS) initiates a rapid, automatic shutdown (scram) of the

reactor, if required, to prevent fuel cladding damage or nuclear system process barrier damage
following abnormal operational transients. The RPS overrides all operator actions and process
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controls and is based on a fail-safe design philosophy that allows appropriate protective action
even if a single component failure occurs.

1.2.2.5.2  Neutron Monitoring System

Although not all portions of the neutron monitoring system qualify as a nuclear safety system,
those that provide high neutron flux signals to the RPS do. The intermediate range monitors
(IRMs) and average power range monitors (APRMs), which monitor neutron flux via in-core
detectors, signal the RPS to scram in time to prevent excessive fuel cladding damage as a
result of overpower transients. The APRM modules also provide inputs to the thermal power
monitors (TPMs) which approximate fuel thermal conditions and also provide scram signals to
the RPS.

1.2.2.5.3  Control Rod Drive System

When a scram is initiated by the RPS, the CRD system inserts the negative reactivity necessary
to shut down the reactor. Each control rod is controlled individually by a hydraulic control
unit. When a scram signal is received, high-pressure water stored in an accumulator in the
hydraulic control unit forces its control rod into the core.

1.2.2.5.4  Control Rod Drive Housing Supports

Control rod drive housing supports are located underneath the reactor vessel near the control
rod housings. The supports limit the travel of a control rod in the event that a control rod
housing is ruptured. The supports prevent a nuclear excursion as a result of a housing failure
and thus protect the fuel barrier.

1.2.2.5.5 Control Rod Velocity Limiter

A control rod velocity limiter is attached to each control rod to limit the velocity at which a
control rod can fall out of the core should it become detached from its CRD. This action limits
the rate of reactivity insertion resulting from a rod drop accident. The limiters contain no
moving parts.

1.2.2.5.6  Pressure Relief System (Nuclear System)

A pressure relief system consisting of safety/relief valves (SRVs) mounted on the MS lines is
provided to prevent excessive pressure inside the nuclear system following either abnormal
operational transients or accidents.
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1.2.2.5.7 Reactor Core Isolation Cooling System

The RCIC system provides makeup water to the reactor vessel when the vessel is isolated.
The RCIC system uses a steam-driven turbine-pump unit and operates automatically in time
and with sufficient coolant flow to maintain adequate water level in the reactor vessel.

1.2.2.5.8 Emergency Core Cooling System

Four ECCS are provided to maintain fuel cladding below fragmentation temperature in the
event of a breach in the RCPB that results in a loss of reactor coolant. The systems are

High-pressure core spray system,

Automatic depressurization system (ADS),

Low-pressure core spray system, and

Low-pressure coolant injection (LPCI), an operating mode of the RHR system.

ac o

1.2.2.5.8.1 High-Pressure Core Spray System. The HPCS system provides and maintains an
adequate coolant inventory inside the reactor vessel to maintain fuel cladding temperatures
below the fragmentation temperature in the event of breaks in the RCPB. The system is
initiated by either high pressure in the drywell or low water level in the vessel. It operates
independently of all other systems over the entire range of pressure differences from greater
than normal operating pressure to zero. The HPCS cooling decreases vessel pressure to enable
the low pressure cooling systems to function. The HPCS system is powered by its own diesel
generator if auxiliary power is not available, and the system may also be used as a backup for
the RCIC system.

1.2.2.5.8.2 Automatic Depressurization System. The ADS rapidly reduces reactor vessel
pressure during a LOCA situation in which the HPCS system fails to maintain the reactor
vessel water level. The depressurization provided by the system enables the low pressure
ECCS to deliver cooling water to the reactor vessel. The ADS uses some of the relief valves
that are part of the nuclear system pressure relief system. The automatic relief valves are
arranged to open when conditions indicate that the HPCS system is not delivering sufficient
cooling water to the reactor vessel to maintain the water level above a preselected value. The
ADS will not be activated unless either the LPCS or LPCI pumps are operating. This is to
ensure that adequate coolant will be available to maintain reactor water level after the
depressurization.

1.2.2.5.8.3 Low-Pressure Core Spray System. The LPCS system consists of one independent
pump and the valves and piping to deliver cooling water to a spray sparger over the core. The
system is actuated by conditions indicating that a breach exists in the RCPB but water is
delivered to the core only after reactor vessel pressure is reduced. This system provides the
capability to cool the fuel by spraying water into each fuel channel. The LPCS loop

LDCN-04-052 1.2-17



COLUMBIA GENERATING STATION Amendment 59
FINAL SAFETY ANALYSIS REPORT December 2007

functioning in conjunction with either the ADS or HPCS can maintain the fuel cladding below
the prescribed temperature following a LOCA.

1.2.2.5.8.4 Low-Pressure Coolant Injection. The LPCI is an operating mode of the RHR
system, but is discussed here because the LPCI mode acts as an engineered safety feature in
conjunction with other ECCS. The LPCI uses the pump loops of the RHR to inject cooling
water directly into the pressure vessel. The LPCI is actuated by conditions indicating a breach
in the RCPB, but water is delivered to the core only after reactor vessel pressure is reduced.
The LPCI operation provides the capability of core reflooding, following a LOCA, in time to
maintain the fuel cladding below the prescribed temperature limit.

1.2.2.5.9  Primary Containment

1.2.2.5.9.1 Functional Design. The primary containment is part of the overall containment
system which provides the capability to reliably limit the release of radioactive materials to the
environs subsequent to the occurrence of the postulated LOCA so that offsite doses will be
below the limits stated in 10 CFR Part 50.67. Its design employs an over-and-under, steel
pressure vessel which houses the reactor vessel, the RRC loops, and other branch connections
of the reactor primary system. The pressure suppression system consists of a drywell, a
pressure suppression chamber which stores a large volume of water, a connecting submerged
vent system between the drywell and water pool, isolation valves, containment cooling system,
and other service equipment. In the event of a RCPB piping failure within the drywell, reactor
water and steam would be released into the drywell air space. The resulting increase of
drywell pressure would then force a mixture of air, steam, and water through the vents into the
pool of water which is stored in the suppression pool, resulting in a rapid pressure reduction in
the drywell. Air which is transferred to the suppression chamber, pressurizes the suppression
chamber, and is subsequently vented back to the drywell.

1.2.2.5.9.2 Drywell Cooling System. The drywell cooling system is based on recirculating
cooling water through the drywell air-handling units to maintain the required ambient
temperature. Air is distributed through ductwork and/or up through the annular space between
the reactor vessel insulation and the sacrificial shield wall. Air is distributed to areas requiring
cooling, such as the RRC motors, the CRD area, and the bellows area. Return air is ducted
back to the operating units. The arrangement simplifies the design, operation, and air
distribution balance of the system.

Reactor building closed cooling water (RCC) is supplied to the air handling units to dissipate
absorbed heat only under normal and loss of power conditions.

The drywell cooling system is not required for safe shutdown, but it is designed with redundant

equipment and powered from essential buses to ensure continuous operation to satisfy the
power-generation design objective.
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The drywell cooling system is designed to operate during offsite power loss. Control switches
for operating the equipment are located in the main control room.

1.2.2.5.9.3 Suppression Pool Cooling. The containment cooling subsystem of the RHR
system is placed in operation to limit the temperature of the water in the suppression pool
following a design basis LOCA, to control the pool temperature during normal operation of the
SRVs and the RCIC system, and to reduce the pool temperature following an isolation
transient. In the containment cooling mode of operation, the RHR main system pumps take
suction from the suppression pool and pump the water through the RHR heat exchangers where
cooling takes place by transferring heat to SW. The fluid is then discharged back to the
suppression pool or the RPV.

1.2.2.5.9.4 Containment Spray. The redundant containment spray cooling subsystems of the
RHR system provide containment cooling for postaccident conditions. Water pumped through
the RHR heat exchangers can be diverted to spray headers in the drywell and above the
suppression pool. The spray removes energy from the drywell atmosphere by condensing the
water vapor. The drywell spray also removes particulate fission product from the drywell
atmosphere. Approximately 5% of this flow can be directed to the suppression chamber to
cool the gas above the water surface.

1.2.2.5.9.5 Containment Atmosphere Control. In the event of a LOCA, hydrogen and
oxygen will be generated in the reactor. Containment atmosphere control is provided by
inerted containment, containment atmosphere mixing, and hydrogen and oxygen monitoring in
a post-LOCA event.

1.2.2.5.10 Primary Containment and Reactor Vessel Isolation System

The primary containment and reactor vessel isolation system includes sensors, trip channels,
control switches and remotely activated valve closing mechanisms associated with the valves,
which, when closed, effect isolation of the primary containment or reactor vessel or both.

The purpose of the system is to provide timely protection against the onset and consequences
of accidents involving the gross release of radioactive materials from the fuel and the nuclear
system process barrier. The primary containment and reactor vessel isolation control system
initiates automatic isolation of the RCPB and the primary containment vessel whenever
monitored variables exceed preselected operation limits.

All pipelines that both penetrate the primary containment and offer a potential release path for
radioactive material are provided with redundant isolation capabilities.
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1.2.2.5.11 Main Steam Line Isolation Valves

Although all pipelines that both penetrate the containment and offer a potential release path for
radioactive material are provided with redundant isolation capabilities, the main steam lines,
because of their large size and large mass flow rates, are given special isolation consideration.
Automatic MSIVs are provided in each MS line. Each is powered by both air pressure and
spring force. These valves fulfill the following objectives:

a. Prevent excessive damage to the fuel barrier by limiting the loss of reactor
coolant from the reactor vessel resulting from either a major leak from the
steam piping outside the primary containment or from a malfunction of the
pressure control system resulting in excessive steam flow from the reactor
vessel,

b. Limit the release of radioactive materials (i.e., iodine spiking) by isolating the
RCPB in case of a rapid depressurization of RPV and resulting release of
radioactive materials from the fuel to the reactor cooling water and steam, and

C. Limit the release of radioactive materials by closing the primary containment
barrier in case of a major leak from the nuclear system inside the primary
containment.

1.2.2.5.12 Main Steam Line Flow Restrictors

A venturi-type flow restrictor is installed in each MS line. These devices limit the
loss-of-coolant from the reactor vessel before the MSIVs are closed in case of an MS line
break outside the primary containment.

1.2.2.5.13 Main Steam Line Radiation Monitoring System

The main steam line radiation monitoring system consists of four gamma radiation monitors
located externally to the main steam lines just outside the containment. The monitors are
designed to detect a gross release of fission products from the fuel. On detection of high
radiation, the trip signals generated by the monitors are used to initiate a closure to the reactor
water sample valves, mechanical vacuum pump trip, the mechanical vacuum pump lines
isolation, and alarms.

1.2.2.5.14 Standby Service Water and High-Pressure Cooling Spray Service Water Systems
The SW system consists of two completely redundant systems. Each system consists of a
pump and piping supplying the associated RHR system heat exchanger, standby diesel

generator, essential heating, ventilating, and air conditioning (HVAC) coolers, RHR pump seal
coolers, SW motor bearing coolers, and sample coolers with safety grade cooling water from
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the UHS spray ponds. The Division I SW system also provides cooling water to the LPCS
motor bearing cooler.

Cooling water is supplied during a postulated LOCA to the RHR heat exchangers to remove
heat when the containment cooling mode of the RHR system is placed in operation. During
normal operation, SW is also supplied to the RHR heat exchangers for the shutdown function
of the RHR system.

The SW is available to the shell side of the fuel pool cooling and clean up (FPC) system heat
exchangers in the event that the normal cooling water supply from the RCC system becomes
unavailable.

The HPCS SW system shares spray pond A with the SW system. The pump supplies cooling
water to the HPCS diesel generator and the essential HVAC coolers for the HPCS diesel
generator and HPCS pump areas.

Cooling water is supplied to all diesel generator cooling systems whenever the diesel
generators are started.

1.2.2.5.15 Reactor Building - Secondary Containment

The reactor building completely surrounds the primary containment. The building provides
secondary containment when the primary containment is closed and in service, and serves as

the primary barrier during operations with the potential to drain the reactor vessel (OPDRYV). |
The reactor building also houses refueling and reactor servicing equipment, new and spent fuel
storage facilities, and other reactor safety and auxiliary systems. Secondary containment is not
required during movement of irradiated fuel assemblies or core alterations.

The design of the reactor building includes provisions for seismic load resistance and low
infiltration and exfiltration rates. The building consists of poured-in-place, reinforced-concrete
exterior walls up to the refueling floor. Above this level, the building structure is steel frame
with insulated metal siding with sealed joints. Access to the building is through interlocked
double doors.

1.2.2.5.16 Reactor Building Ventilation Exhaust Radiation Monitoring System
The reactor building ventilation exhaust radiation monitoring system consists of a number of
radiation monitors arranged to monitor the activity level of the ventilation exhaust from the

reactor building and primary containment. Upon detection of high radiation, the reactor
building is automatically isolated and the SGT system is started.
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1.2.2.5.17 Standby Gas Treatment System

The SGT system consists of two identical filter trains. Each filter train consists of a filter unit,
two fans, ductwork, and associated valves.

Either filter train may be considered as an installed spare with the other train capable of
passing the required amount of air. Either train alone is capable of exchanging the total
reactor building volume once in a 24 hr period.

Each filter unit contains electric heaters, a prefilter, high-efficiency particulate filters (water
and fire resistant), an iodine filter (high ignition temperature), and instrumentation to measure
temperature and flow.

The system maintains a slightly negative internal building pressure and can process all gaseous
effluent prior to its discharge from the reactor building.

All equipment is connected to the essential buses and is started either automatically or
manually from the main control room.

1.2.2.5.18 Standby Alternating Current Power Supply System

The standby ac power supply system consists of two diesel generator sets, switchgear, and
associated distribution system equipment and auxiliaries.

These diesel generator sets are associated with redundant (Divisions 1 and 2) separation
divisions; each diesel generator set serves a particular division. The capacity of each diesel
generator set is sufficient to attain shutdown under both normal and LOCA conditions, in the
event that both the offsite and the normal auxiliary power sources are unavailable to supply
plant loads. Since load distribution is such that redundant auxiliary systems are separated by
division, safe shutdown can be achieved with only one of the two diesel generators operating.

The standby ac power supply system diesel generators and associated equipment are designed
to Class 1E standards and are located within Seismic Category I structures. Equipment of each
division is separated so that failure of any component of one division will not jeopardize proper
functioning of the other division.

Although it is not a part of the standby ac power supply system, another independent diesel
generator unit supplies ac power exclusively to the HPCS system (see Section 1.2.2.5.8.1) in
the event that both the offsite and the normal auxiliary power sources are unavailable to supply
plant loads.

The HPCS diesel generator may also be cross connected to either Division 1 or to Division 2
as described in Section 8.3.1.1.7.2.1.
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1.2.2.5.19 Direct Current Power Supply System

The dc power supply system consists of station batteries, battery chargers, distribution
equipment, and related auxiliaries.

The dc system furnishes power at three voltage levels: 250 V, 125 V, and +24 V. The 250-V
and 125-V subsystems supply power to both Class 1E and non-Class 1E loads; the

24-V subsystem supplies power for the startup range and power range neutron monitoring
systems.

The primary power sources for the system are the dc output station battery chargers. Station
batteries associated with each charger operate in a “float-charge” configuration to ensure
maintaining the batteries in a fully charged condition. In the event of loss of charger dc
output, the station batteries furnish a secondary source of dc supply.

The 125-V and +24-V dc power supply subsystems are each divided into electrically and
physically independent divisions. Each battery, together with its independent battery charger,
is associated with one of the segregated divisions. The batteries and their associated chargers
are located in separate rooms.

The ampere-hour capacity of each battery is capable of supplying all essential loads for a
minimum of 2 hr in the event that dc output from the battery chargers is lost.

1.2.2.5.20 Standby Liquid Control System

Although not intended to provide prompt reactor shutdown, as the control rods are, the

Standby Liquid Control (SLC) system provides a redundant, independent, and alternate method |
to bring the nuclear fission reaction to subcriticality and to maintain a subcritical condition as

the reactor cools. The system makes possible an orderly and safe shutdown in the event that

not enough control rods can be inserted into the reactor core to accomplish shutdown in the
normal manner. The system is sized to counteract the positive reactivity effect from rated

power to the cold, clean shutdown condition.

The SLC system is also used to maintain the suppression pool pH greater than 7.0 following a
LOCA to minimize re-evolving gaseous iodine fission products to the containment atmosphere.

1.2.2.5.21 Safe Shutdown from Outside the Main Control Room
In the event that the control room becomes inaccessible, the reactor can be brought from power

range operation to cold shutdown conditions by the use of local controls and equipment that are
available outside the control room.
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1.2.2.5.22 Main Steam Line Isolation Valve Leakage Control System (Deactivated)

The main steam line isolation valve leakage control (MSLC) system was designed to minimize
the fission products which could bypass the SGT system after a LOCA. The MSLC system is
not credited for accident mitigation and is no longer needed; MSLC is administratively
de-activated. Connections between MSLC and other systems are physically isolated, MSLC
components are de-energized, closed, or otherwise taken out of service.

1.2.2.5.23 Fuel Pool Cooling and Cleanup System

The FPC system provides for the removal of decay heat from stored spent fuel and maintains
specified water temperature, purity, clarity, and level. This prevents boiling of the pool water
and controls the buildup of excessive radioactive materials in the cooling water, thereby
minimizing potential radiation exposure to plant personnel. The cooling portion of the system
is designed to Seismic Category I requirements and may be isolated from the Seismic
Category II cleanup portion of the system by automatic Seismic Category I isolation valves
which actuate on low-fuel pool water level. Normally the RCC system furnishes non-safety
grade cooling water to the FPC system. If required, safety grade cooling and makeup water is
available to the FPC system from the SW system.

1.2.2.6  Power Conversion System

1.2.2.6.1  Turbine Generator

The turbine is an 1800 rpm, tandem-compound (one double-flow high-pressure turbine and
three double-flow low-pressure turbines), reheat unit with an electrohydraulic governor for
normal operation. The turbine generator is provided with an emergency trip system for turbine
overspeed. | The rating of the turbine generator is 1,173,046 kW.

The generator is a direct-driven, three-phase, 60 Hz, 25,000 V, 1800 rpm, hydrogen
inner-cooled, synchronous generator rated at 1,230 MVA at 0.975 power factor,|0.58 short

circuit ratio at a maximum hydrogen pressure of 78 psig.
1.2.2.6.2 Main Steam System
The MS system consists of four 26-in. diameter lines (which expand to 30-in. diameter lines

inside the turbine building) extending from the outermost MSIVs to the main turbine stop
valves. The use of four main steam lines permits testing of the turbine stop valves and MSIVs

during station operation with only a minimum of load reduction. | The design pressure and

temperature of the MS system from the outermost MSIV to the turbine stop valve is 1250 psig

at 575°F. | Other features include drains and parts of the turbine bypass system.
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1.2.2.6.3 Main Condenser

The main condenser is a triple-pressure, single-pass, deaerating-type condenser with a divided
water box. The condenser includes provisions for accepting up to 25% of the MS flow at
design conditions from the turbine bypass system and serves as a heat sink for several other
flows, such as exhaust steam from the RFW pump turbines, cascading heater drains, feedwater
heater shell operating vents, and condensate pump suction vents.

1.2.2.6.4 Main Condenser Evacuation System

The main condenser evacuation system is designed to remove noncondensable gases from the
condenser, including air inleakage and dissociation products originating in the reactor, and to
continuously exhaust them to the gaseous radwaste system during operation. The system
consists of two 100 %-capacity, twin-element first stage and single-element second stage steam
jet air ejector units complete with intercondensers for normal plant operation and a mechanical
vacuum pump for use during startup. Discharge from the vacuum pumps during startup is
routed to the elevated release point.

1.2.2.6.5 Turbine Gland Seal System

The turbine gland seal system is designed to provide a means of preventing air leakage into or
radioactive steam leakage out of the turbine. The system consists of two 100% steam
evaporators, steam seal pressure regulators, steam seal header, gland seal steam condenser and
blowers, and the associated piping, valves, and instrumentation.

1.2.2.6.6  Steam Bypass System and Pressure Control System

A turbine bypass system is provided which passes steam directly to the main condenser under
the control of the pressure regulator. Steam is bypassed to the condenser whenever the reactor
steaming rate exceeds the load permitted to pass to the turbine generator. The capacity of the
turbine bypass system is 25% of the turbine design steam flow. The Digital Electro-Hydraulic
(DEH) control system provides main turbine control (governor) valve and bypass valve
position demands so as to maintain a nearly constant reactor pressure during normal plant
operation.

1.2.2.6.7  Circulating Water System
The CW system provides the condenser with a continuous supply of cooling water. It is a
closed system utilizing forced draft cooling towers. Makeup water to the system is provided

from TMU pumps located in an intake structure on the Columbia River. The makeup water
replaces the water lost by evaporation, drift, and blowdown.
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1.2.2.6.8 Condensate and Feedwater System

The condensate and feedwater system pumps condensate from the condenser hotwell to the
RPV. Condensate is pumped by three main condensate (COND) pumps through the gland seal
steam condenser, the steam jet air ejector condensers, and the offgas condenser. After leaving
the offgas condenser, the condensate is pumped through a full-flow condensate
filter-demineralizer system. The filter-demineralizer effluent is then pumped by three
condensate booster pumps through the five low-pressure heaters. The last low-pressure heater
discharges to the suction of the RFW pumps. The discharge from the two turbine-driven RFW
pumps passes through the sixth stage of feedwater heating and then flows to the RPV.
Feedwater flow is controlled by varying the speed of the steam-driven turbine.

1.2.2.6.9  Condensate Filter-Demineralizer System

The full-flow condensate filter-demineralizer system with instrumentation and semiautomatic
controls is designed to ensure a constant supply of high-quality water to the reactor.

1.2.2.7  Electrical Systems, Instrumentation, and Control

1.2.2.7.1 Electrical Power Systems

The plant consists of a single main generator directly connected to a main power transformer
through an isolated phase electrical bus duct. The main power transformer steps up the output
of the 25-kV generator to a nominal 500-kV transmission system voltage.

The output of the main power transformer is connected to a 500-kV switchyard consisting of
circuit breakers, disconnect switches, buses, and associated equipment arranged in a ring bus
configuration.

A 230-kV offsite supply is provided to a separate startup auxiliary transformer to supply
maximum startup, operating and shutdown load requirements for a normal plant auxiliary loads
and for safety loads. In addition, a separate 115-kV offsite supply serves a backup auxiliary
transformer with sufficient capacity to provide the power requirements of plant safe shutdown
loads.

1.2.2.7.2  Electrical Power Systems Process Control and Instrumentation

Main generator electrical controls are located in the main control room. These include main
generator circuit breaker controls, synchronizing equipment, and generator excitation and
voltage control equipment. Instrumentation is also provided in the main control room for the
main generator connections and equipment. This includes indicating instruments for voltage,
current, KW, MVAR, and frequency. Recording instruments are provided for generator MW
output and main bus voltage. Kilowatt-hour meters are provided for main generator outputs
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and for auxiliary power system loads. Instrumentation is provided for monitoring generator
and transformer temperatures. Other types of monitoring instrumentation are provided as
required to ensure proper operation of equipment. Circuit breaker controls, metering, and
indication for the auxiliary power system are also located in the main control room.

High-speed protective relaying equipment is provided for the main generator, main and
auxiliary transformers, main buses, transmission lines, and interconnecting cables and bus
ducts to provide proper isolation of this equipment in the event of electrical faults. The
protective relay system includes breaker failure protection and backup relaying to ensure
proper isolation of electrical faults in the event of a failure of the primary protective relaying.

1.2.2.7.3  Nuclear System Process Control and Instrumentation

1.2.2.7.3.1 Reactor Manual Control System. The reactor manual control system (RMCS)
provides the means by which control rods are positioned from the control room for power
control. The system operates valves in each CRD hydraulic control unit to change control rod
position. Only one control rod can be manipulated at a time. The RMCS includes the logic
that restricts control rod movement (rod block) under certain conditions as a backup to
procedural controls.

1.2.2.7.3.2 Recirculation Flow Control System. During normal power operation, a variable
frequency power supply is used to control flow by varying the RRC pump motor speed.
Adjusting the frequency changes motor speed and the coolant flow-rate through the core,
thereby changing the core power level.

1.2.2.7.3.3 Neutron Monitoring System. The neutron monitoring system is a system of
in-core neutron detectors and out-of-core electronic monitoring equipment. The system
provides indication of neutron flux, which can be correlated to thermal power level for the
entire range of flux conditions that can exist in the core. The source range monitors (SRM)
and the intermediate range monitors (IRM) provide flux level indications during reactor startup
and low power operation. The local power range monitors (LPRM) and average power range
monitors (APRM) allow assessment of local and overall flux conditions during power range
operation. The traversing in-core probe system (TIP) provides a means to calibrate the
individual LPRM sensors. The neutron monitoring system provides inputs to the reactor
manual control system to initiate rod blocks if preset flux limits are exceeded, and inputs to the
RPS to initiate a scram if other limits are exceeded.

1.2.2.7.3.4 Refueling Interlocks. A system of interlocks that restricts movement of refueling
equipment and control rods when the reactor is in the refueling and start-up modes is provided
to prevent an inadvertent criticality during refueling operations. The interlocks back up
procedural controls that have the same objective. The interlocks affect the refueling platform,
refueling platform hoists, fuel grapple, and control rods.
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1.2.2.7.3.5 Reactor Vessel Instrumentation. In addition to instrumentation for the nuclear
safety systems and ESF, instrumentation is provided to monitor and transmit information that
can be used to assess conditions existing inside the reactor vessel and the physical condition of
the vessel itself. This instrumentation monitors reactor vessel pressure, water level, coolant
temperature, reactor core differential pressure, coolant flow rates, and RPV head inner seal
ring leakage.

1.2.2.7.3.6 Process Computer System. An on-line process computer is provided to monitor
and log process variables and to make certain analytical computations. The rod worth
minimizer function of the computer prevents rod withdrawal under low power conditions if the
rod to be withdrawn is not in accordance with a preplanned pattern. The effect of the rod
block is to limit the reactivity worth of the control rods by enforcing adherence to the
preplanned rod pattern.

1.2.2.7.4  Power Conversion Systems Process Control and Instrumentation

1.2.2.7.4.1 Digital Electro-Hydraulic Control System. The DEH control system maintains
control of the turbine governor valves and turbine bypass valves to allow proper generator and
reactor response to system load demand changes while maintaining the nuclear system pressure
essentially constant. When the generator is not connected to the grid, the DEH control system
maintains turbine-generator speed (frequency) in response to reactor pressure changes by
adjusting steam flow to the turbine valves and bypass valves.

The turbine generator speed/load controls can initiate rapid closure of the turbine control
(governor) valves and rapid opening of the turbine bypass valves to prevent turbine overspeed
on a generator electric load loss.

1.2.2.7.4.2 Feedwater System Control. A three-element controller is used to regulate the
feedwater system so that proper water level is maintained in the reactor vessel. The controller
uses main steam flow rate, reactor vessel water level, and feedwater flow rate signals. The
feedwater control signal is used to control the speed of the steam turbine-driven feedwater
pumps. During startup, shutdown, and low plant load conditions, the steam turbine-driven
feedwater pumps are run at constant speed, and the feedwater control signal is used to
modulate a startup feedwater control valve to maintain proper reactor water level.

1.2.2.8 Radioactive Waste Systems

1.2.2.8.1 Liquid Radwaste System

This system collects, treats, stores, and disposes of all radioactive liquid wastes. These wastes
are accumulated directly in radwaste tanks or in sumps at various locations throughout the
plant for subsequent transfer to collection tanks in the radwaste facility. Wastes are processed
on a batch basis with each batch being processed by such method or methods appropriate for
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the quality and quantity of materials determined to be present. Processed liquid wastes may be
returned to the condensate system or discharged to the circulating water blowdown line to the
river. The liquid wastes in the discharge piping are diluted with circulating water blowdown to
achieve a concentration at the site boundary which is below the limits of 10 CFR Part 20.

Equipment is selected, arranged, and shielded to permit operation, inspection, and maintenance
with minimum personnel exposure. For example, tanks and processing equipment which
contain significant radiation sources are located behind shielding, and sumps, pumps,
instruments, and valves are located in controlled access rooms or spaces. Processing
equipment is selected and designed to require a minimum of maintenance.

Protection against accidental discharge of liquid radioactive waste is provided by design
redundancy, instrumentation for detection and alarm of abnormal conditions, and procedural
controls.

1.2.2.8.2  Solid Radwaste System

Solid radioactive wastes are collected, processed, and packaged for storage and ultimate burial.
These wastes are generally stored on the site until the short half-lived isotopes have decayed.
Wet solid wastes are collected, dewatered, and solidified in steel containers. Examples of
these wastes are filter residue, concentrated wastes, and spent resins. Dry solid wastes such as
paper, air filters, rags, and used clothing are compressed and packaged in steel containers.

1.2.2.8.3  Gaseous Radwaste System

The purpose of the gaseous radwaste system is to process and control the release of gaseous
radioactive wastes to the site environs so that the total radiation exposure to persons outside the
controlled area does not exceed the limits of the applicable regulations, 10 CFR 20 and

10 CFR 50, Appendix I, even with some defective fuel rods.

The offgases from the main condenser are the major source of gaseous radioactive waste. The
treatment of these gases includes volume reduction through a catalytic hydrogen-oxygen
recombiner, water vapor removal through a condenser, decay of short-lived radioisotopes
through a holdup line, further condensation, filtration, adsorption of isotopes on activated
charcoal beds, further filtration through high efficiency filters, and final release.

Continuous radiation monitors are provided which indicate radioactive release from the reactor
and from the charcoal absorbers. The radiation monitors are used to isolate the OG system on

high radioactivity to prevent gas of unacceptably high activity from release.

Since clean gland seal steam is used, the offgases from the gland seal steam condenser are not
treated prior to release.
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The design of the OG system is such that the annual exposure to any offsite person during
normal operation from gaseous sources will be ALARA and less than 10 CFR 20.

1.2.2.9  Radiation Monitoring and Control

1.2.2.9.1 Process Radiation Monitoring

Radiation monitors are provided on various lines to monitor either for radioactive materials
released to the environs via process liquids and gases or for process system malfunctions. All
effluents from the plant which are potentially radioactive are monitored. Several of the
effluent monitoring systems record the results prior to discharge as noted on the following list
of the major monitoring systems provided.

a. Main steam line radiation monitoring system,

b. Air ejector and offgas radiation monitoring systems (results recorded except for
the charcoal bed vault),

C. Liquid radwaste effluent radiation monitoring system,

d. Plant service water and circulating water blowdown radiation monitoring
systems,

e. Standby service water radiation monitoring system,

f. Reactor building ventilation exhaust plenum radiation monitoring system (results
recorded),

g. Reactor building elevated release point radiation monitoring system (results

recorded except for particulate/iodine sample),

h. Turbine building ventilation exhaust radiation monitoring system, (results
recorded),
1. Radwaste building ventilation exhaust radiation monitoring system (results

recorded), and
j- Reactor building closed cooling water monitoring system.
1.2.2.9.2  Area Radiation Monitors
Radiation monitoring devices are provided in key areas throughout the plant buildings to

ensure that plant personnel will not be inadvertently exposed to high radiation doses.
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1.2.2.9.3  Site Radiological Environmental Monitoring

A comprehensive radiation surveillance program was initiated in the spring of 1978 to measure
radiation levels in the environs surrounding the plant. The program is designed to measure
radiation exposure or radioisotope levels in eight different media.

Ambient radiation dose will be monitored using thermoluminescent dosimeters (TLDs).
Airborne particulates are measured by filtering known quantities of air and analyzing the
filtered material. Radioiodine in the air is measured in the same way except it is adsorbed onto
a charcoal cartridge rather than being filtered.

Water is sampled at the plant intake, from the plant discharge, in the river below the plant, and
at the nearest downstream municipal water supply. Groundwater in the vicinity is also
sampled.

The radiation monitoring program includes sampling of garden produce where available in the
vicinity of the site, the collection of river sediment samples from above and below the plant
discharge point, the collection of fish samples from the Columbia River and the Snake River,
and the collection of milk samples at four or more locations near the site.

The details of this monitoring program are given in Section 5.0 of the Offsite Dose Calculation
Manual (ODCM).

1.2.2.9.4  Liquid Radwaste System Control

Liquid wastes to be discharged are handled on a batch basis with protection against accidental
discharge provided by procedural controls. Instrumentation with alarms to detect abnormal
concentration of the radwaste is provided, including automatic closure of discharge valves
isolating the system from the environment.

1.2.2.9.5 Solid Radwaste System Control

The solid radwaste system collects, treats, and stores solid radioactive wastes for offsite
shipment. Wastes are handled on a batch basis. Radiation levels of the various batches are
monitored by the operator.

1.2.2.9.6  Gaseous Radwaste System Control

Gaseous radwastes are discharged through a reactor building elevated release point. Radiation
levels of the release are continuously monitored and recorded. Isolation of the main condenser

offgas is automatically initiated prior to release should the activity of the offgas exceed
discharge limits.
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1.2.2.10 Shielding
The shielding in the plant is designed to minimize exposure of plant personnel to radiation.
The radiation levels during operation or shutdown conditions have been considered in

determining the shielding requirements.

1.2.2.11 Fuel Handling and Storage Systems

1.2.2.11.1 New and Spent Fuel Storage

New and spent fuel storage racks are designed to prevent inadvertent criticality and load
buckling. Sufficient coolant and shielding are maintained to prevent overheating and excessive
personnel exposure, respectively. The design of the fuel pool provides for corrosion
resistance, adherence to Seismic Category I requirements, and prevention of Ker from
exceeding 0.95 under dry or flooded conditions.

1.2.2.11.2 Fuel Handling System

The fuel handling equipment includes a fuel inspection stand, fuel preparation machine, a
125-ton crane, a refueling platform, a new fuel transfer basket, jib cranes, and other related
tools for fuel and reactor servicing.

1.2.2.11.3 Fuel Pool Cooling and Cleanup System

The FPC system removes decay heat from stored spent fuel and maintains specified water
temperature, purity, clarity, and level. This prevents fuel pool boiling and buildup of
excessive radioactive materials in the cooling water, thereby minimizing possible exposures to
plant personnel.

Cooling of spent fuel is accomplished by the Seismic Category I cooling system as described in
Section 9.1.3. It can be isolated from the Seismic Category II cleanup portion of the system
by automatic, redundant, Seismic Category I isolation valves which actuate on low fuel pool
water level. If required, safety grade cooling and makeup water from the SW system is
available to the system by remote-manual operation of redundant Seismic Category I valves to
provide long-term cooling and prevent fuel pool boiloff which might result in unacceptable
building environmental conditions.
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1.2.2.12 Cooling Water and Auxiliary Systems

1.2.2.12.1 Reactor Building Closed Cooling Water System

The RCC system consists of pumps, heat exchangers, controls, and instrumentation to provide
adequate cooling for the reactor auxiliary systems. The system is designed to provide a closed
cooling water loop between nonessential systems which are potentially radioactive and the
TSW system.

1.2.2.12.2 Plant Service Water System

Normal TSW is supplied from service water pumps located in the circulating water pump
house. Two service water pumps are provided. The TSW system is designed to remove heat
from various auxiliary equipment located within the plant.

1.2.2.12.3 Ultimate Heat Sink

Two spray ponds that serve as the UHS conservatively have a combined equivalent storage of
30 days, assuming no makeup and maximum evaporation and drift losses. Provisions are made
to replenish the sink to allow continued cooling capability beyond the initial 30-day period.

1.2.2.12.4 Demineralized Water Makeup System

The DW makeup system is comprised of the trailer-mounted demineralizers and the DW
system.

The DW system is designed to provide demineralized water to the CSTs for plant makeup and
demineralized water for other plant operating requirements.

1.2.2.12.5 Potable Water and Sanitary Drain Systems

The plant potable water (PW) system provides water for drinking and sanitary purposes.
Potable water is normally supplied from the tower makeup system (see Section 9.2.3).

The sanitary drain system effluent is directed to a central sanitary waste treatment facility
which uses aerated lagoons in series with lined facultative stabilization ponds. The treatment
plant, about 2500 ft SE of the CGS reactor, also receives waste from the WNP-1/4, the Plant
Support Facility, and the DOE’s 400 Area.

1.2.2.12.6  Process Sampling Systems

The process sampling system provides process information that is required to monitor plant

and equipment performance and changes to operating parameters. Representative liquid and
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gas samples are taken automatically and/or manually during normal plant operation for
laboratory or on-line analyses.

1.2.2.12.7  Condensate Supply System

The condensate storage facility provides a source of water for testing and makeup during
operation. | Two 400,000 gal CSTs are interconnected|to simultaneously supply condensate to
the main condenser via one header, to the CRD pumps via a second header, and to the RHR,
RCIC, and HPCS systems and condensate supply and condensate filter/demineralizer backwash
pumps via a third header. The condensate supply pumps deliver condensate to miscellaneous
services in the reactor and radwaste buildings.

Condensate is returned to the CSTs from the HPCS, RCIC, and radwaste systems, from CRD,
condensate supply, and condensate filter/demineralizer backwash pump mini-flows, and from
the main condensate system (equivalent to excess CRD injection water). Initial fill and makeup
is from the DW system.

1.2.2.12.8 Equipment and Floor Drainage Systems
Plant equipment and floor drainage systems handle both radioactive and nonradioactive drains.
Drainage systems which carry radioactive waste are isolated from drainage systems which do

not carry radioactive waste.

All drains in the reactor building and radwaste building are considered radioactive. Turbine
building drains are divided into radioactive and nonradioactive|but all are directed to the

radwaste system for processing. | Floor and equipment drains in the diesel generator building

and service building are routed to the storm water drainage system. The storm water drainage
system is normally nonradioactive, however some accumulation of radioactive material
(notably tritium) can occur.

1.2.2.12.9 Compressed Air Systems

The compressed air system consists of the control and service air system and the containment
instrument air (CIA) system.

The control air system (CAS) is designed to supply clean, dry, oil-free air to station
instrumentation and controls and to the accumulators of the MSIVs located outside the primary
containment.

The service air (SA) system is designed to supply clean, oil-free air for station services, such

as backwashing demineralizers and filters, hose connections for maintenance throughout the
station and breathing air at selected locations.
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The CIA system is designed to deliver nitrogen or clean, dry, oil-free air for MSIVs, SRV
accumulators, and pneumatic operators located inside the primary containment.

1.2.2.12.10 Heating, Ventilating, and Air Conditioning Systems

The HVAC systems are designed to maintain proper air quality for personnel comfort and
safety. In addition, the main control room, the critical switchgear area, the cable spreading
room HVAC systems, the SW pump room heat removal systems, the reactor building
emergency pump and critical electric equipment area cooling systems, and the ventilation
system for the standby diesel generators are designed to operate under all station conditions.
The primary containment drywell cooling and ventilation system is designed to operate during
normal operation and under most upset conditions except a LOCA. All air distribution systems
are designed so that airflow is directed from areas of lesser potential contamination to areas of
progressively greater potential contamination.

Three separate and redundant HVAC systems service the main control room, cable spreading
room, and critical switchgear areas. SW is used as the cooling medium for each system when
the normal cooling water supply is unavailable.

Heating and ventilation for the standby diesel generator rooms is provided continuously for
each diesel generator unit. Water cooled air handling units provide additional cooling when
the diesel generators operate.

The turbine building is provided with a once-through ventilation system based on the use of
evaporative coolers.

Ventilation for the radwaste building is provided by means of a once-through ventilation
system with particulates filtered before release to the atmosphere.

The SW pump room heat removal systems consist of two independent and separate fan coil
units.

The reactor building emergency pump and critical electric equipment area cooling system
consists of 13 air handling units which operate to supply cool air to each of the critical
equipment rooms when pumps are started and during abnormal conditions.

The primary containment drywell cooling and ventilation system consists of five fan coil units
and nine recirculation fans. During normal operation, a minimum three out of five fan coil

units are operating.

Ventilation for the reactor building is provided by a once-through ventilation system based on
the use of evaporative coolers. The system incorporates the necessary isolation valves to
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ensure the necessary secondary containment integrity. A drywell and suppression chamber
purge capability is provided as part of this system.

Other HVAC systems provide ventilation to the service building and other miscellaneous areas.
1.2.2.12.11 Fire Protection System

The FP system is designed to provide for the detection and extinguishing of fires.

Manual pull stations and automatic fire detectors are located appropriately throughout the plant
and fire alarms are annunciated in the main control room.

The FP system provides a reliable water distribution system for extinguishing fires.

Two motor-driven fire pumps are used for normal service, with a diesel-engine-driven fire
pump as a backup. A second diesel-driven fire pump with a separate water supply provides an
additional backup. Motor-driven jockey pump is provided to maintain system pressure and to
prevent cycling of the main fire pumps.

Automatic suppression systems provide protection to higher hazard areas of the plant
including;:

e Deluge systems protect the transformers and most other areas containing oil piping and
oil storage equipment.

e A low-pressure carbon dioxide (COz) system is provided for the generator exciter
housing.

e A total flooding Halon system is provided for the main control room power generation
control complex (PGCC) subfloor.

e Wet pipe sprinklers protect the turbine/generator bearings and other miscellaneous
areas.

e Preaction sprinkler systems protect diesel generators, day tank/transfer pump rooms,
and areas with high concentrations of electrical cables.

Manual suppression includes:
e Fire hydrants spaced around the yard fire main loop.

e Fire hose stations located throughout the plant.

LDCN-04-037 1.2-36




COLUMBIA GENERATING STATION Amendment 60
FINAL SAFETY ANALYSIS REPORT December 2009

e Portable fire extinguishers of appropriate types are strategically and conspicuously
placed throughout the plant.

1.2.2.12.12 Communications Systems

The plant communication systems are designed to provide reliable communication inside and
outside the plant and from the plant to local fire protection and law enforcement authorities.
The system utilizes a public address and building wide alarm system, a public telephone
system, a private digital telephone system, a sound powered telephone system, a radio
communication system, and an automatic transmission telephone link to the Dittmer Control
Center of the Bonneville Power Administration (BPA).

1.2.2.12.13  Lighting Systems

The plant lighting systems are normal ac lighting, normal-emergency ac lighting, dc lighting,
and battery-pack emergency lighting. Lighting intensities are designed to provide indoor and
outdoor illumination consistent with the July 1974 Illumination Engineering Society
recommendations, and meet or exceed Occupational Safety and Health Act (OSHA)
requirements.

1.2.2.12.14 Normal Auxiliary Alternating Current Power System

The plant normal auxiliary ac power system consists of two normal auxiliary transformers, the
4.16-kV and 6.9-kV normal auxiliary (non-Class 1E) distribution system, the 480-V auxiliary
power distribution system and the 120/208-V non-Class 1E distribution system.

The normal ac auxiliary transformers provide power to all plant auxiliaries and comprise the
normal plant ac power source when the main generator is operating. One of the normal
auxiliary transformers is a dual secondary type with both secondary windings stepping down
the generator voltage to 4.16 kV for supply to 4.16-kV non-Class 1E switchgear buses. The
other normal auxiliary transformer steps down the generator voltage to 6.9 kV for supply of
6.9-kV non-Class 1E switchgear buses.

The plant 480-V ac auxiliary power system distributes ac power necessary for normal auxiliary
and ESF 480-V plant loads. All non-ESF elements of this distribution system are capable of
being supplied from the normal auxiliary power source or from the startup power source via
the 4.16 kV-non-Class 1E switchgear. The ESF portions of the 480-V distribution system are
supplied via the 4.16-kV Class 1E switchgear, and therefore are capable of being supplied by
either the normal, startup, backup, or standby sources.

The 120/208-V non-Class 1E ac power system provides power for non-ESF loads.
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1.2.2.12.15 Diesel Generator Fuel-Oil Storage and Transfer System

The diesel fuel oil storage and transfer system consists of separate, independent diesel oil
supply subsystems serving each of two emergency diesel generators and the HPCS diesel
generator. Each full capacity subsystem consists of a fuel oil storage tank, a transfer pump, a
day tank, interconnecting piping, strainers and valves, and associated instrumentation and
controls.

1.2.2.12.16  Auxiliary Steam System

The auxiliary steam (AS) system normally operates only when the heating steam evaporators
are inoperative during plant shutdown. The system then supplies steam to HVAC systems for
air and water space heating and for humidification and also to the radwaste system. The
system consists of fuel oil storage tank and transfer pumps, auxiliary boiler, blowdown tank,
chemical feed tank and metering pump, deaerator and boiler feed pumps, condensate return
tank pumps, steam supply and condensate return piping and valves, and associated instruments
and controls.

1.2.3  COMPLIANCE WITH NRC REGULATORY GUIDES

The CGS conformance to the NRC regulatory guides is documented in Section 1.8 and in
appropriate sections of this FSAR.

LDCN-09-019 1.2-38



COLUMBIA GENERATING STATION Amendment 53
FINAL SAFETY ANALYSIS REPORT November 1998

Table 1.2-1

Principal Regulations and Codes Followed in Plant Design

Number Title
10 CFR series Code of Federal Regulations, principally:
10 CFR 20 Standards for Protection Against Radiation
10 CFR 50 Licensing of Production and Utilization Facilities

10 CFR 50, Appendix A

10 CFR 50, Appendix B

10 CFR 50, Appendix I

10 CFR 100

IEEE-279

IEEE-308

ASME B&PV
Section III
Section VIII
Section XI

AEC Press Release
IN-817

ANSI-B31.1.0

General Design Criteria for Nuclear Power Plant Construction
Permits

Quality Assurance Criteria

Numerical Guides for Design Objectives and Limiting
Conditions for Operation to Meet the Criterion "As Low As Is
Reasonably Achievable"

Reactor Site Criteria

IEEE Criteria for Nuclear Power Generating Station Protection
Systems

IEEE Criteria for Class IE Electrical Systems for Nuclear
Power Generating Stations

ASME Boiler and Pressure Vessel Code:
Nuclear Components

Pressure Vessels

Inservice Inspection

Tentative Regulatory Supplementary Criteria for